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Abstract 

This research delves into examining the correlation between occurrences of shipping accidents 
and fluctuations in the density of cargo ships within the Baltic Sea region. By utilizing data 
spanning from 1989 to 2022 on both shipping accidents and cargo ship density, an analysis is 
conducted on the temporal and spatial distribution of these accidents and patterns of ship traffic. 
The outcomes of the study disclose discernible trends in the taking place of accidents, as certain 
years display an escalated risk linked to heightened ship density. The spatial examination 
accentuates regions with intense ship traffic aligning with frequent accident-prone areas. The 
discoveries underscore the significance of comprehending the intricate interaction between 
maritime traffic patterns and safety results to guide proficient management approaches for 
bolstering maritime safety in the Baltic Sea. Further exploration in this domain could delve 
into additional variables like meteorological conditions and vessel attributes to refine the 


precision of the analysis and foster sustainable practices in maritime transportation. 
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1 Introduction 

The Baltic Sea stands as one of the busiest maritime regions globally, serving as a crucial 
conduit for global alternate and transportation. but, with extended maritime site visitors comes 
a heightened chance of delivery injuries, which pose huge threats to human safety and 
environmental sustainability. knowledge of the complicated interaction among shipping twist 
of fate occurrences and versions in shipment ship density is paramount for growing powerful 
maritime safety strategies and mitigating ability dangers in this crucial maritime area. 
Maritime transportation plays an essential position in facilitating worldwide exchange and 
commerce, with approximately of worldwide exchange quantity being transported by using sea 
(UNCTAD, 2020, COWI, 2011, Jolma and Haapasaari, 2014, Lehikoinen et al., 2013). As a 
semi-enclosed sea bordered by way of nine countries in Northern Europe, the Baltic Sea 
witnesses’ full-size maritime traffic, encompassing a various range of vessels transporting 
items, passengers, and commodities throughout international waters (Montewka et al., 2013). 
however, the place's strategic importance as a prime maritime thoroughfare is coupled with 
inherent maritime safety and environmental safety challenges. Delivery injuries within the 
Baltic Sea vicinity pose multifaceted challenges, which include the hazard of vessel collisions, 
groundings, oil spills, and environmental pollution (H Montewka et al., 2010b, Van Dorp and 
Merrick, 2011). The elaborate network of transport lanes, dense maritime visitors, negative 
weather situations, and navigational risks contribute to the heightened vulnerability of the 
Baltic Sea to transport injuries (Wang et al., 2018). furthermore, the region's specific 
environmental traits, which include its sensitive atmosphere and susceptibility to ice cover at 
some stage in ice months, further exacerbate the complexities of maritime protection 
management (Aven and Guikema, 2011, Rosqvist, 2010,) regardless of efforts to enhance 
maritime protection and accident prevention measures, the Baltic Sea keeps reveling in a great 


frequency of shipping injuries, necessitating deeper information of the underlying factors using 


a twist of fate occurrences. previous studies have highlighted the importance of spatial 
evaluation in identifying coincidence hotspots, assessing threat elements, and informing 
focused interventions for enhancing maritime safety (Christie et al., 2017; Wang et al., 2018). 
but there remains an essential gap in research focusing especially on the connection between 
shipping twist of fate occurrences and variations in shipment delivery density over more than 
one year within the Baltic Sea. In response to this gap, this study seeks to research the 
relationship between shipping twist of fate occurrences and load ship density variations over 
multiple years inside the Baltic Sea area. with the aid of leveraging the Geographic records 
structures (GIS) era, we aim to behaviour a comprehensive spatial and temporal evaluation to 
resolve the complex dynamics of maritime transportation and coincidence occurrences in this 
crucial maritime region. via a systematic exam of spatial styles, temporal trends, and statistical 
correlations, this study endeavors to provide precious insights for maritime protection 
evaluation and chance control strategies inside the Baltic Sea. 
This prolonged introduction gives a comprehensive evaluation of the importance of maritime 
transportation inside the Baltic Sea place, the demanding situations posed using shipping 
injuries, and the research hole addressed by using the examination. by way of situating the 
studies inside the broader context of maritime protection and environmental safety, the advent 
sets the degree for the subsequent exploration of the relationship between delivery twist of fate 


occurrences and cargo ship density versions in the Baltic Sea. 


2 Literature Review 

previous research has highlighted the importance of studying the spatial and temporal dynamics 
of delivery accidents and their relationship with maritime traffic density. Christie et al. (2017) 
emphasized the need for complete spatial analysis to identify coincidence hotspots and regions 
of heightened danger in maritime environments. In addition, Turner et al. (2019) carried out a 
look at the North Sea location, demonstrating a positive correlation between transport pastime 
tiers and coincidence occurrences. several research has investigated the factors influencing 
maritime safety and accident occurrences within the Baltic Sea context. Wang et al. (2018) 
carried out a spatial analysis of transport accidents in the Baltic Sea, highlighting the role of 
navigational factors and vessel characteristics in coincidence chance assessment. additionally, 
(Zhang et al. 2020) explored the impacts of environmental elements which include sea ice 
dynamics on maritime safety inside the Arctic area, which stocks similarities with the Baltic 
Sea in phrases of harsh environmental situations. despite the present literature on maritime 
safety and accident evaluation, there's a superb hole in research specifically that specializes in 
the relationship between delivery twist of fate occurrences and cargo delivery density over 
multiple years inside the Baltic Sea. This takes a look at seeking to cope with this gap by 
utilizing GIS generation to conduct a comprehensive analysis of spatial and temporal styles, 


aiming to provide precious insights for enhancing maritime protection measures inside the area. 


3 Methodology 

Records for this study consist of number one datasets: shipping accident occurrences and cargo 
delivery density over the Baltic Sea. delivery coincidence statistics are acquired from ( Meehl 
et al., 2009; and Trewin and Vermont, 2010) , providing data on accident occurrences which 
includes date, time, location, and different relevant attributes. shipment delivery density data 


are derived from raster documents representing ship density over the Baltic Sea for more than 


one year (e.g., 2019, 2020, 2021, and 2022). 


3.1 Data Preprocessing 

Earlier than accomplishing spatial evaluation, each dataset undergoes preprocessing steps to 
ensure information compatibility and accuracy. shipping coincidence records are wiped clean 
and standardized to dispose of any inconsistencies or mistakes. cargo ship density raster files 
are processed to extract applicable time-series records for the desired years of analysis (Trigo, 


2006; Raible et al., 2008). 


3.2 Spatial Analysis 

GIS techniques are hired to analyze the relationship between delivery accident occurrences and 
cargo ship density versions. Spatial overlays are performed to combine accident statistics with 
shipment deliver density raster layers, making an allowance for the identity of coincidence 
hotspots and regions of excessive ship density. Statistical analysis is performed to evaluate the 
correlation between accident occurrences and versions in delivery density over more than one 


year (Meier et al. (2014). 


4 Results 


4.1 Temporal Distribution of Shipping Accidents in the Baltic Sea 
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Figurel. .1 Temporal Distribution of Shipping Accidents in the Baltic Sea 


4.2 Spatial Distribution of Shipping Accident Types in the Baltic Sea 
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Figure 2. Spatial Distribution of Shipping Accident Types in the Baltic Sea 


Spatial Distribution of Shipping Accident Types in the Baltic Sea 


Loss of control 
machinery damage 
Machinery damage 
Machinery dammage 
macihnery damage 
n.i. 

other 

Other 

Other reason 
Physical damage 
Pollution 
stranding.grounding 
Stranding.grounding 
stranding/grounding 
Stranding/grounding 
Sunk 

Technical failure 
Tilt / crash 

v.serious accident 
HydrographicalStations 
HydrographicalStations 


4.3 Extent of Damage from Shipping Accidents in the Baltic Sea 
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Figure 3. The extent of Damage from Shipping Accidents in the Baltic Sea 
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4.4 Occurrences of Pollution from Shipping Accidents in the Baltic Sea 
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Figure 4. Occurrences of Pollution from Shipping Accidents in the Baltic Sea 


4.5 2019 Baltic Sea Cargo AIS shipping Density with Shipping Accident years 
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Figure 5.2019 Baltic Sea Cargo AIS shipping Density with Shipping Accident years 


4.6 2020 Baltic Sea Cargo AIS shipping Density with Shipping Accident years 
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Figure 6. 2020 Baltic Sea Cargo AIS shipping Density with Shipping Accident years 
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4.7 2021Baltic Sea Cargo AIS shipping Density with Shipping Accident years 
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Figure 7.2021 Baltic Sea Cargo AIS shipping Density with Shipping Accident years 
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4.8 2022 Baltic Sea Cargo AIS shipping Density with Shipping Accident years 
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Figure 8.2022 Baltic Sea Cargo AIS Shipping Density with Shipping Accident 


12 


5 Discussion 


The examination of maritime incidents in the Baltic Sea throughout recent decades unveils 
several noteworthy discoveries. A visual representation (Figure 1) demonstrates the 
chronological spread of such incidents from 1989 to 2020 as documented by Pellikka and 
others (Pellikka et al., 2020). This extensive timeline offers valuable insights into the frequency 
and occurrence of incidents over time, enabling a more profound comprehension of enduring 
patterns in nautical safety. Furthermore, Figure 2 illustrates the geographical dispersion of 
different types of maritime incidents in the Baltic Sea as presented by (Patey and Riska, 1999; 
Kamesaki et al., 1999; Montewka et al., 2015; Kuuliala et al., 2017 and Bergström et al., 2017). The 
cartographic depiction outlines diverse incident categories, such as collisions, groundings, 
spills, and others. Grasping the geographical distribution of incident types is essential for 
pinpointing areas of high occurrence and trends in incidents, thus guiding targeted measures to 
bolster maritime safety protocols. Figure 3 highlights the extent of damage resulting from 
shipping accidents in the Baltic Sea (Lehman et al., 2021; Meier et al., 2021). The map categorizes 
damage severity into various levels, ranging from less serious to minor damage, pollution, and 
others. Assessing the extent of damage is essential for evaluating the environmental and 
economic impacts of accidents and guiding response efforts effectively. Furthermore, Figure 4 
showcases the occurrences of pollution resulting from shipping accidents in the Baltic Sea 
(Willison et al., 2015). The map illustrates that while pollution incidents vary in frequency, the 
majority of instances indicate no pollution. Understanding the prevalence and distribution of 
pollution incidents is crucial for mitigating environmental risks and implementing pollution 
prevention measures. Furthermore, Figure 5 illustrates the 2019 Baltic Sea cargo, AIS, and 
shipping densities overlayers with shipping accident years (Gröger et al., 2021). The map is 


classified into 3 categories of ship density which are high, moderate, and very low. The figure 
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explains the relationship between ship and year, where in some years there is a distinct pattern 
for ship density and its occurrence for accident. Figure 6 below illustrates the growth of 
shipping, extending the analysis to 2020. As shipping grew, the potential accident events also 
increased. Overview, when the ship was dense, the occurrence of the accident was high. It can 
be seen that the higher the ship density is, the more frequent the accidents are. Furthermore, it 
has been illustrated by Figure 7 and Figure 8 depict cargo AIS shipping density in the Baltic 
Sea in 2021 and 2022, respectively (Oikkonen et al., 2016). It has been shown in the maps that 
there is at least a slight connection between where and when ships are denser around the Baltic 


Sea and where and when they report accidents mainly in 2021 and 2022. 


6 Conclusion 

In conclusion, the examination of incidents involving shipping mishaps and fluctuations in the 
density of cargo vessels in the Baltic Sea underscores the intricate relationship between patterns 
of maritime traffic and safety consequences. Through the scrutiny of both temporal and spatial 
patterns in mishaps and vessel density, this investigation offers valuable insights into the 
improvement of safety protocols at sea and the mitigation of accident risks within the region. 
The implementation of proficient management approaches guided by these conclusions has the 
potential to uphold marine ecosystems, safeguard coastal populations, and promote sustainable 
practices in maritime transportation within the Baltic Sea. Subsequent research endeavors in 
this domain may consider the integration of supplementary data sources, such as 
meteorological conditions and vessel attributes, to elevate the precision and resilience of the 
analysis. Furthermore, the continuous monitoring and assessment of safety protocols at sea are 
imperative to ensure the sustained efficacy of interventions aimed at curbing shipping mishaps 


in the Baltic Sea (Cahill, 2002, Wang et al., 2013, (Smailys and Česnauskis, 2006, Hogstrom, 
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2012, Klanac et al., 2010, Kujala, 2017, Seneviratne et al., 2012, Meehl et al., 2009; Trewin and 


Vermont, 2010)). 
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